A report is given of experiments relating to resonance frequencies and operating voltages of interdigital magnetrons. Data revealing the dependence of resonance frequencies on resonator parameters are reported. It is shown that an attempt to single out one mode for operation, by short-circuiting certain fingers to the opposite face of the cavity, le'-ds to an unsatisfactory mode spectrum. On the other hand, placing radial vanes in the cavity enables degenerate pairs to be separated and all the modes to be accurately controlled. Results obtained by using this method in operating tubes are given. Experiments with operating tubes show that under a given set of conditions, the lirstand second-order modes can each operate at more than one voltage. The different voltages can be attributed to the excitation of different Fourier components of the field configuration
-2-Hcwever, i iodet. of all orders except the zeroth (hereafter referred to as the higher ^:-ier ...odes) occur in degenerate pairs. T»/o modes of the same orde-diff«*. from each other only in the location of the nodes of E-field in the cavity Normally the) r frequencies are separated by a small amount due to the preo -nee of as* ; i _-'>'»tries n the resonator. If operation is desired in one of the higher-order modes, it is necessary to separate the two modes of that order by a sufficiently large interval. If this is not done, stable operation would not be obtained ir. either mode.
In the work reported h. re, one objective was to control the frequencies of all the modes up to tin second order. Another one was to study the electronic operation of first-aud second-order modes.
In the highex-order modes, the field configuration does not exactly correspond to the IT -mode, since the E-field in the cavity changes sign at certain locations. In order to make the "polarity of the fingers alternate regularly all the way around the anode," Crawford and Hare used the "phasereversing anode. " At each position of zero E-field, two adjacent fingers were joined to the same side of the cavity. The two could be made as one broad finger, called a phase-shifting finger. Thus the order of joining fingers to the cavity face? •»»• reversed at the places -where the E-field change* sign. This was expected to ensure operation in only one mode, at one voltage. However it was found by the author that in spite of the presence of phase-shifting fingers, operation is possible in more than one mode; and for each mode at more than one voltage.
i

Mode Control
V
The first step in the design of an interdigital resonator is the choice of dimensions of the anode and the cavity, in such a way that the resonance frequencies lie in the desired range, and the modes of various orders are separated by the desired intervals. The second step is the introduction of asymmetries into the structure, so that the two modes corresponding to each higher order are well separated from each other. In connection with the first step, the modes of various symmetrical interdigital resonators were studied. For the second step the effects of two kinds of asymmetries were studied.
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For the sake of simplicity, the dummy cathode was left out in the first place. However, it was observed that the insertion of the cathode lowered the frequency of the zeroth-order mode by about 20 percent and increased the frequencies of the first-and second-order modes by about 5 percent. In the case of the zeroth-order mode, the change depended also upon the structure into which the cathode lead entered. This is because the zeroth-order mode couples scrongly to the cathode lead.
• " "*•
Modes of a Symmetrical Interdigital Resonator
Tbe variation of resonance frequency of modes of different orders with changes in resonator parameters, was studied with the help of a demountable resonator. Figure 1 shows a cross section of the resonator, the lower set of fingers being omitted for the sake of clarity. The cavity was formed by clamping two face plates F, F against a thick annular disc D. Fingers attached to two cylinders were inserted through holes in the face plates. The squirrel cage formed by the fingers was made coaxial with the annular disc by fitting the face plates and the disc into an outer cylinder C. Two caps completed the resonator. The parameters of the cavity could be varied by using different annular discs D. The parameters of the anode could be varied by inserting different sets of fingers through the holes in the face plates. Thus several combinations of anode and cavity parameters were easily obtainable. The resonance frequencies were determined by inserting two coupling loops into the cavity, one for feeding in power from a test oscillator, and the other for detecting the amplitude of oscillations. The modes were identified by plotting the field patterns with the help of a rotating probe. The rectified and amplified output of the probe was fed to a recording milliammeter, while the probe was slowly rotated by a motor having a step down gearbox. The field patterns were thus accurately and directly recorded. c. The ratio by which the resonance frequency changes for a given variation of cavity radius is smaller for the higher-order modes.
d. Increase of radial thickness of the fingers, or decrease of the separation between fingers, reduces the resonance frequency, the ratio being larger for larger cavity radii. It is also seen that a mode separation of the order of 40 per cent is obtained by choosing the ratio of cavity radius to anode radius to be 3:1.
Modes of Interdigital Resonator with Shorting Wires at Fingers
In the early stages of this work shorting wires were used to solve the problem of degeneracy in the higher-order modes. At that time the primary interest was in getting only one mode to give steady operation. The secondox der mode was chosen in preference to the zeroth-order mode, because of 2 its higher frequency and because it does not require cathode decoupling chokes for proper operation, as the latter does. The resonator has 24 ordinary fingers, and four phase-shifting fingers located at intervals of 90 degrees. The tips of these four fingers were short-circuited to the opposite face of the cavity. It was expected that all the modes except the second-order mode with nodes of E-field at the shorting wires, would become inoperable. In actual practice the tube could operate at four frequencies, three of which were separated by intervals of only 4 per cent and 2 per cent respectively. The The frequencies for a typical tube were 7190, 5180, 4970, and 4880 Mc/s, respectively. The mode at 5180 Mc/s. gave very much larger power output than any of the others. It was believed to be the mode in which operation was intended. The presence of the other two modes very near to it was thus a serious flaw in the frequency spectrum. In order to remove this flaw, various changes were tried out in the auxiliary structures, such as changes in the cathode lead, output leads etc. The working hypothesis in these earlier As a further test for the hypothesis that shorting wires had raised the frequencies of the seroth-and first-order modes, the following experiment was performed. Four shorting wires were introduced between the two face plates, all being at the same distance behind the phase-shifting fingers . It was found that the second-order mode split into two parts, one remaining at the original frequency, and the other being at a higher frequency. The frequencies of the seroth and first-order modes were found to have risen. This rise could be continuously traced to the vicinity of the undisturbed secondorder mode, by putting the shorting wires at smaller and smaller distances behind the fingers. Meanwhile, the higher second-order mode went beyond the frequency range of the oscillator used for cold tests. It was presumed to reach the value 7190 Mc/s when the shorting wires were put on the fingers themselves. 
Modes of Interdlgital Resonator with Vanes in the Cavity
The experiments just described suggested the use of radial vanes in the cavity for the purpose of solving the problem of degeneracy in higher-order modes. Cold tests were performed with a resonator made for an operating tube of the kind described in the last section. Four radial slots were cut in one of the face plates, so as to lie behind the four phase-shifting fingers. Vanes were inserted into these slots and clamped in place. The radial penetrations of the vanes could be varied independently. However, radially opposite vanes were always set at symmetrical locations. 
III. Operating Voltage of Higher-Order Modes
As the anode voltage applied to an operating tube was increased, keeping the magnetic field constant, the current varied in a manner shown by Fig. 9 . It is seen that operation in the lower second-order mode and lower first-order mode is obtained in two distinct ranges of voltage in each case. The same has been found to be true for the higher first-order mode also, in other cases. 
Explanation of Experimental Results
In these tubes M was equal to 16, as the tube had 24 ordinary fingers and four phase-shifting fingers, each one of the latter beir.p equivalent to two ordinary ones. Data-were taken on the two first-order modes, and the secondorder mode whose nodal planes were at the phase-shifting fingers. The zerothorder mode could not be operated since cathode decoupling chokes were not used. Operation in the other second-order mode was erratic, since it had eight points of phase reversal around the anode. The data given in Table II may be discussed under the following headings: •e-K-
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•12-a. Within experimental error, the reciprocals of voltages for each mode are proportional to numbers in the series, 16, 16±1, l6i2, etc. Table II 
IV. Conclusions
By proper choice of the ratio of cavity radius to anode radius of an interdigital resonator, a basic separation of 40 per cent or more can be obtained between modes of various orders. Operation in only one mode cannot be ensured by short-circuiting those fingers to the opposite face of the cavity at which the E-field of the desired mode vanishes. The frequencies of other modes increase, but the modes may still be operable. The frequency spectrum can become quite confusing as a result of this. Sensitive control over the various modes can be obtained by introducing radial vanes in the cavity. By proper choice of the radial penetration of the vanes not only can the degenerate pairs of modes be separated out, but also all the modes can be accurately located at equal intervals.
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The field configurations of these modes resemble that of the rr -mode in a multicavity magnetron. However, in the higher-order modes, since an additional cyclic variation with « is superimposed over the ir -mode configuration, the Fourier components occur as nearby pairs. This would give rise to two nearby voltages of operation for each mode, only one pair of components being of importance. Phase-shilling fingers do not ensure that operation would be obtained at only one voltage for one mode, or that the other modes will become inoperative. In fact, with phase-shifting fingers, several components, close to one another, are obtained instead of a pair of them, for each mode. Thus, phase-shifting fingers are of doubtful advantage.
Before the advantage of a number of well-separated, easily controlled modes can be exploited, the problem of voltages of operation for the higherorder modes will have to be studied further. One approach would be to increase the number of fingers, without using phase-shifting fingers. The percentage separation of the two components would thus be reduced. Considering the fact that operation ai a voltage corresponding to v = M is also possible, in addition to that in which v = M + n, it appears possible that all three ranges may merge into one continuous range, especially for n = 1. In this way, at least three modes of operation may be obtained, in three distinct ranges of voltage; namely, the seroth-order and the two first-order modes.
